Ravan Napas (RN) is a traditional formula used to treat pulmonary symptoms and diseases such as coughing, breathing difficulty, and asthma in traditional Uighur medicine. The purpose of this study was to investigate the anti-inflammatory, and immunomodulatory activity of RN in a well-characterized animal model of allergic asthma. Rats were sensitized with intraperitoneal (ip) ovalbumin (OVA) and alum, and then challenged with OVA aerosols. The asthma model rats were treated with RN; saline-and dexamethasone-(DXM-) treated rats served as normal and model controls. The bronchoalveolar lavage fluid (BALF) cellular differential and the concentrations of sICAM-1, IL-4, IL-5, TNF-α, INF-γ, and IgE in serum were measured. Lung sections underwent histological analysis. The immunohistochemistry S-P method was used to measure the expression of ICAM-1 and HO-1 in the lung. RN significantly reduced the number of inflammatory cells in BALF and lung tissues, decreased sICAM-1, IL-4, IL-5, TNF-α, and IgE in serum, and increased serum INF-γ. There was a marked suppression of ICAM-1 and HO-1 expression in the lung. Our results suggest that RN may have an anti-inflammatory and immuneregulatory effect on allergic bronchial asthma by modulating the balance between Th1/Th2 cytokines.
Introduction
Asthma is a major public health problem worldwide. Asthma morbidity and mortality have increased in the recent decades [1] . Bronchial asthma is a chronic inflammatory disorder of the airways characterized by airflow obstruction, airway inflammation, persistent airway hyperresponsiveness (AHR), and airway remodeling [2] . Increasing evidence suggests that many cells and cellular elements play prominent roles in the pathogenesis of allergic asthma [3, 4] . This pathogenesis is mediated by nonspecific infiltration by various inflammatory cells such as eosinophils, T-lymphocytes, macrophages, neutrophils, and epithelial cells [5, 6] . In addition, symptoms are mediated by a wide range of compounds such as histamine, cytokines, and cyclo-oxygenase and lipoxygenase products [7] .
A variety of cytokine-bronchial cell interactions play an important role in normal host defense as well as in the pathogenesis of inflammatory airway disorders such as asthma, acute and chronic bronchitis, and bronchiectasis [8] . Increasing clinical and experimental evidence suggests that an imbalance between Th1 and Th2 leads to the clinical expression of allergic disease including asthma. The Th2 cytokines such as IL-4, IL-5, and TNF-α become overly abundant when activated by CD 4 + T cells relative to Th1 cytokine (IFN-γ), and this is seen to play a central role in the pathogenesis of allergic asthma [9] [10] [11] [12] [13] . Antigeninduced IgE production, airway inflammation, and airway hyperresponsiveness have been well documented in patients with allergic asthma and in animal models [14] [15] [16] [17] [18] .
Adhesion of inflammatory cells to the bronchial epithelium is the crucial step in inducing bronchial inflammation in asthma. ICAM-1 participates by inducing the adhesion to and migration of the inflammatory cells through the endothelium [19] . Upregulation of ICAM-1 in epithelial and endothelial cells is believed to be a hallmark of asthma in adults [20, 21] . ICAM-1 is shed by the cell and can be detected in plasma, serum, or bronchoalveolar lavage fluid (BALF) in a soluble form, sICAM-1. The role of heme oxygenase (HO) in pulmonary medicine is a rapidly emerging field [22] [23] [24] . HO-1 can be induced by various stimuli such as stress, endotoxins, hypoxia, and so forth. The highly active synthesis of HO-1 proteins has been found in bronchial epithelial cells, lung tissues, lung macrophages and type II lung epithelial cells of asthma models [25, 26] . Expression of the HO-1 is increased within the lung tissue in allergic airway inflammation, and overexpression of HO-1 could enhance allergic airway inflammation [27, 28] . The treatment of asthma has been improved by the implementation of management guidelines in recent years, with further development in the studies that identify the mechanisms of asthma. Inhaled corticosteroids and β-2-agonists are used as the first line of treatment of asthma, reducing airway inflammation and bronchial constriction effectively. However, the effects of these drugs are not always satisfactory in clinical practice because of local or systemic side effects [29] . Therefore, there is a place for new or alternative approaches to the control of asthma such as those found in complementary and alternative medicine (CAM), and especially in traditional medical systems. With the development of modern pharmacological and molecular biology techniques, studying the mechanisms of CAM in treating asthmatic diseases is increasingly important and potentially useful.
CAM approaches include those such as traditional Uighur medicine (TUM), which is used in Xinjiang Uighur Autonomous Region of China. From the principle of TUM, the pathogenesis of asthma is due to the stimulation of Abnormal Hilit (the fluids involved as the basis of traditional Uighur medicine) in the lung tissue, which weakens natural power factors and induces inflammation. Ravan Napas (RN) is a TUM formula, which has been used for more than 2000 years [30] . RN is a herbal concoction, which has been used under TUM principles with the ultimate goal of relief from wheezing and reduction of frequency of attacks in asthmatic patients. Physicians in the TUM system use RN that has been manufactured into granules to remove the Abnormal Hilit and to boost the body's natural power. RN is regarded as a potent tonic to increase energy levels and stimulate the immune system. Several studies have focused on its immune-regulating properties, and RN has been shown to increase human lymphocyte proliferation, and immunoglobulin production in normal mice [31] . Plants related to those used in RN [32, 33] and other plants used in traditional Asiatic medicines [34] [35] [36] [37] [38] [39] [40] have been shown to have an effect on immunomodulation and inflammatory responses in experimental asthma. However, RN has not yet been investigated for application to allergic diseases. We used the ovalbumin-(OVA-) induced asthmatic rat model to evaluate possible mechanisms of RN on inflammation and on systemic immune responses, using OVA-induced BALF cell proliferation, cytokines production, and expression of ICAM-1 and HO-1 in the lung. Table 1 and the chemicals identified in these herbs are listed in Table 2 . The constituent plants were purchased from Xinjiang Autonomous Region Traditional Uighur Medicine Hospital (Urumqi, China) and were authenticated by associate chief pharmacist Anwar Talip. In accordance with the protocol of preparation, 1 kg dried herb powder was soaked in 10 L of warm distilled water for 12 hours and boiled for 1 hour. The extract was filtered and concentrated under reduced pressure and low temperature (60 • C) on a rotary evaporator, dried in vacuum conditions, and stored in the refrigerator. The yield of the extract was found to be 22.1%. by using an ultrasonic nebulizer, Aerosol flow rate was 3 mL/min. Control group rats were exposed to nebulised sterile saline using the same method. One day after the last challenge the blood and tissue sample were collected.
Methods

RN Preparation. The composition of RN is listed in
Animals and
Experimental Groups and Treatments.
The rats were divided into five groups (ten rats per group): normal, OVAcontrol, OVA-RN1 group, OVA-RN2 group, and Ova-DXM group. All OVA groups were sensitized and challenged with OVA as described above. (Figure 1 ) OVA-control rats were administered saline orally for 22 days after first sensitization. OVA-RN1 and OVA-RN2 were two RN dosage treatment groups, administered with RN orally for 22 days after first sensitization at the dose of 0.25 g/kg (RN1) and 0.5 g/kg (RN2) per day, respectively. Ova-DXM rats were administered Dexamethasone (DXM) on days 20, 21, and 22, before challenge, at the dose of 10 mg/kg.
Measurement of Serum sICAM-1, IL-4, IL-5, TNF-α, INF-
γ, and Ige. Rats were anesthetized with an intraperitoneal injection of sodium pentobarbitone (100 μg/kg), blood was collected and centrifuged at 4
• C (3000 rpm) for 10 min, and the serum was stored at −80
• C for measurement of cytokines and IgE. ELISA kits from R&D Systems were employed for the measurement of sICAM-1, IL-4, IL-5, TNF-α, INF-γ, and IgE.
BALF Preparation and Cell Differential Counts.
After blood collection, the trachea was cannulated and the right bronchi were tied for histological studies. Bronchoalveolar lavage fluid (BALF) was collected by lavaging the left lung via the trachea with 15 mL of ice-cold PBS. After five lavages, approximately 10 mL of BALF were recovered and centrifuged at 4
• C (1500 rpm) for 10 minutes. The cells in the BALF were resuspended in 100 μL of PBS for total and relative leukocyte counts using a hemocytometer. The cells in the BALF were resuspended in normal saline after a brief hypotonic exposure to lyse red blood cells, then immediately placed on the hemocytometer, left unmoved for 3-5 minutes, and then counted in 10-square chambers.
Histological Analysis.
After sacrifice, noninflated lungs were removed, fixed with 10% buffered formalin, and processed in a standard manner. Tissue sections were stained with hematoxylin-eosin and examined microscopically. Peribronchial cells were counted using a five-point scoring system to estimate the severity of leukocyte infiltration. The leukocyte scoring was examined in three independent fields of lung section from each rat. Mean scores were obtained from ten rats. The scoring system was 0, no cells; 1, a few cells; 2, a ring of cells 1 cell layer deep; 3, a ring of cells 2-4 cell layers deep; and 4, a ring of cells more than 4 cell layers deep.
Immunohistochemistry Analysis.
To identify the source of HO-1 and ICAM-1 positive cells, immunohistochemistry staining was performed. Antibodies were diluted 1 : 200 with 1% normal goat serum (NGS) in PBS. Lung sections were sequentially incubated overnight at 4
• C in the dark with rabbit anti-HO-1 or sheep anti-ICAM-1, followed by biotin-labelled antibody to rabbit IgG or sheep IgG and incubated for 30 min in streptavidin-peroxide, coloured with 3,3-diaminobenzidine (DAB) then sealed with neutral gum. The expression of ICAM-1 and HO-1 was located in the cytoplasm. Brown-yellow granules were considered as positive expression. The scoring system was the number of the positive staining cells: 0, no cells; 1, 0 ∼ 10 cells; 2, 11 ∼ 24 cells; 3, 25 ∼ 49; 4, 50 ∼ 74 cells; and 5, >75 cells. All histology and immunohistochemical analyses were done blind to treatment group.
Statistical Analysis.
The statistical significance of any difference was determined by one-way ANOVA followed by Tukey's protected t-tests when ANOVA was significant. The data are expressed as mean ± S.E.M. The SPSS statistical software package (Version 10.0, Chicago, IL) was used for the statistical analysis. 
threo-anethole glycol, and erythro-anethole glycol glycosides.
C. tinctorius seed Figure 3 : Effect of Ravan Napas (RN) on pulmonary inflammation in OVA-induced rat model of asthma. Lung tissues were obtained on the day after the last OVA challenge. Tissues were stained with hematoxylin and eosin (H&E, 400x) (a). The inflammatory cell infiltration in the lung tissues was scored as described in the method section (b). Normal: rats sensitized with OVA and challenged with saline. Control: rats sensitized and challenged with OVA. DXM: OVA-sensitized and challenged rats treated with Dexamethasone (10 mg/kg). RN-1: OVAsensitized and challenged rats treated with RN (0.25 g/kg/day). RN-2: OVA-sensitized and challenged rats treated with RN (0.5 g/kg/day). Data are expressed as mean ± S.E.M., n = 10 rats per treatment group. P < .01 versus Normal; * * * P < .01 versus Control.
Results
Total Leukocytes and Eosinophils in BALF.
RN significantly decreased the number of leukocytes in BALF in comparison with the control group (Figures 2(a) and 2(b) P < .01 versus normal). Differential leukocyte counts showed that RN decreased the number of neutrophils, eosinophils, and lymphocytes in comparison with the control group (P < .01) (Figure 2(c) ).
Pathological Inflammation in Lung Tissue.
Rats from each group were autopsied, and sections of the major organs were examined by a pathologist unaware of their origin. No gross or histological abnormalities were observed in tissues other than the lung. As previously described, lungs from normal (sham-treated)/antigen-sensitized/challenged mice contained large numbers of peribronchial and perivascular eosinophils (data not shown). The lung tissue obtained from ovalbumin-induced asthmatic rats was characterized by dense peribronchial inflammation due to leukocyte infiltration and mucus hyperproduction by goblet cells within the bronchi when compared with normal tissue. This inflammation resulted in the narrowing of the bronchi (Figure 3(a) ). RN extract significantly reduced the degree of inflammatory cell infiltration (P < .05) (Figure 3(b) ). 
Serum sICAM-1, IgE, IL-4, IL-5, TNF-α, and INF-γ.
The serum concentration of sICAM-1 and total IgE in model group significantly increased following the induction of asthma (P < .01) (Figure 4 ). OVA induced IL-4, IL-5, TNF-α, and IgE elevations in serum ( Figure 5 ). RN inhibited sICAM-1, and IgE increases in serum (P < .05) (Figure 4) . IL-4, IL-5, and TNF-α levels in serum were reduced in RN-treated rats compared with model group rats ( Figure 5 ). The INF-γ concentration was reduced by OVA exposure and increased significantly in RN-treated rats. INF-γ concentrations after RN1 and RN2 were increased significantly compared with control and normal controls ( Figure 5 ).
Expression of ICAM-1 and HO-1 in Lung.
RN strongly inhibited the increased expression of ICAM-1 and HO-1 following the induction of asthma (P < .05) (Figure 6 ) when compared with model control rats.
Discussion
It has been reported that some antiasthma CAM formulas have therapeutic effects on allergic asthma [73] [74] [75] [76] . Inhibition of the regional inflammatory response through the reduction of antigen-induced inflammatory cells and inflammatory cytokines production is a main therapeutic objective in the treatment of asthma. In this study, a rat model of allergic asthma was developed, the lung tissues examined, and BAL analysed to assess the effect of RN on airway inflammation in experimental asthma. Pathology analysis documented that 22-day RN administration reduced the allergic inflammatory infiltration in the lung tissues, reduced OVA-induced sICAM-1, IL-4, IL-5, TNF-α, and IgE elevations in serum, and increased INF-γ concentration. We also found that RN markedly suppressed increased ICAM-1 and HO-1 expression in lung tissue of allergic asthma rats. Collectively, all of these results demonstrated that RN is a potent agent in inflammatory pulmonary diseases.
The precise mechanisms of chronic airway inflammation in asthma are incompletely known but are considered to be dependent on the sustained infiltration and activation of many inflammatory cells including lymphocytes, eosinophils, basophils, and macrophages, followed by synthesis and release of a variety of proinflammatory mediators and cytokines [77, 78] . Th2 lymphocytes are the key orchestrators of this inflammation, initiating and propagating inflammation through the release of their cytokines, IL-4, IL-5, and TNF-α in turn recruiting and activating eosinophils, the effector cells in asthma [79] [80] [81] [82] . The infiltration of eosinophils into the airways has been linked to the production of IL-5, which is important for eosinophil proliferation, activation, and migration [83] . IL-4 induces IgE isotype switching in B lymphocytes [84] and mucus production by goblet cells [85] , as well as upregulation of the expression of adhesion molecules required for inflammatory cell recruitment [79] . TNF-α is also an important chemoattractant for the recruitment of eosinophils into the lungs [10, 86] . It is also a potent modulator of immune and inflammatory response.
Migration of leukocytes from circulation into tissue is dependent upon the interaction with adhesion molecules expressed on the cell surface and endothelium. ICAM-1 and its soluble form, sICAM-1, play important roles in the development of airway/lung inflammation in asthma. When inflammation occurs, the expression of ICAM-1 on the bronchial epithelium and lung vascular endothelium is significantly increased and thereby increases the adhesion of eosinophils on the epithelium [87] [88] [89] . There is a close correlation between high concentration of sICAM-1 and high expression of ICAM-1 with the severity of asthma in patients and asthmatic rats [19, 89, 90] . Higher concentrations of sICAM-1 in serum and BALF reflect the upregulation of ICAM-1 expression in allergic bronchial asthma, and these high concentrations may contribute to the pathogenesis of atopic bronchial asthma [91, 92] .
The eosinophil is regarded as a key mediator of the pathology and abnormal physiology of bronchial asthma [93] . It has been suggested that eosinophils contribute to tissue damage [94, 95] and airway inflammation. AHR also may play an important role in recruitment of T cells to the lung during airway allergic responses by modulating chemokine and cytokine production in the lung. In most asthma phenotypes, there are increases in eosinophils in the tissues, blood and bone marrow and, in general, raised numbers correlating with disease severity [96] . Specifically, TNF-α is an important chemoattractant for the recruitment of eosinophils into the lungs [10, 86] . It is also a potent modulator of immune and inflammatory response. IL-5 uniquely and specifically participates in the control of eosinophil production and differentiation [10] . Attenuated synthesis of TNF-α and IL-5 could therefore relieve allergic responses caused by eosinophils.
Our results showed that serum concentrations of IL-4, IL-5, TNF-α, and sICAM-1 were significantly reduced in allergic rats after RN administration. In addition, RN inhibited the pulmonary accumulation of leukocytes and eosinophils in rats, which is parallel to the decrease of IL-4, IL-5, TNF-α, and sICAM-1 in serum and overexpression of ICAM-1 and HO-1 in allergic lung tissue ( Figure 7) . Our study is similar to previous reports and consistent with reports of increased ICAM-1 expression in the lungs of patients with asthma [97] . Cell count analyses and histological results corroborate the positive correlations of the inflammatory cells of BALF with the extent of total inflammatory cells, eosinophil, lymphocyte, and macrophage infiltration in lung tissues and BALF. In this study, the inhibitory effect of RN on inflammation in allergic rats was accompanied by a significant decrease in Th2 cytokines, sICAM-1, and ICAM-1 overexpression. Our results suggest that RN may play a key role in blocking the recruitment of leukocytes and eosinophils in lung through Th2-cytokines dependent pathway, much as dexamethasone.
As expected, DXM, one of the most potent corticosteroids, also suppressed antigen-induced AHR and eosinophilic inflammation in this model. However unlike RN, DXM suppressed Th1 responses (IFN-γ) as well as Th2 (IL-4, IL-5, and TNF-α) responses. In this study, the administration of RN resulted in a downregulation of the Th2 cytokines IL-4, IL-5, and TNF-α; however, there was significant concomitant increase in the levels of the Th1 cytokine IFN-γ in serum. In addition, IFN-γ levels were higher in the RN group than those in the model group or Normal group. This type of immunoregulation may prove to be more beneficial than Th1 cytokines (IFN-γ and IL-12) or Th1 adjuvant therapy, which may cause undesirable inflammation because of higher-than-normal levels of Th1 cytokines. These findings suggest that RN and perhaps other antiasthma formulas may offer some clinical advantages over corticosteroids because they are less likely to increase the patient's susceptibility to infection.
Oxidative stress is thought to induce the inflammation of many chronic diseases [98] . During asthma, reactive oxygen species (ROS)-including superoxide anion-is produced in tissues, from oxidative injury [24] . One of these defence mechanisms is the induction of a stress-response protein, HO-1. HO-1 catalyses the initial and rate limiting step of heme metabolism. In asthma attacks, since the activity and protein synthesis of HO-1 are greatly increased, its products, bilirubin, free iron, and CO would also be increased [99, 100] . CO can act as second messenger [101] . Although studies suggest a cytoprotective effect of HO-1, its overexpression might also contribute to asthma inflammation. The following mechanism might be involved: HO-1 and CO accelerate the release of proinflammatory mediators such as IL-5 and TNF-α in mast cells and eosinophils thus increasing the hyperresponsiveness of the airways [102] . Bilirubin, if produced excessively, would disturb the biomembrane. Free iron, if it accumulates, could become cytotoxic. So we can assume that during asthma, HO-1 has dual effects [103] . We also found that low levels of HO-1 expression are protective. Moderate levels of expression decrease its cytoprotective effect, whereas high expression actually worsens the damage. The experimental results showed that the expression of HO-1 was significantly higher in the model than in the control group. Interestingly, similar results have been reported with extracts from plats close to those used in RN [32, 33] .
In conclusion, RN suppressed antigen-induced inflammation in this rat model of asthma. This effect was accompanied by reduction of leukocytes, eosinophilic inflammation, and specific downregulation of Th2 responses, inhibiting the expression of ICAM-1 and HO-1 in lung tissue. This study suggests that Uighur herbal medicines, such as RN, should be further explored for possible use for treatment of asthma and allergy.
